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N.1Y  MATERIAL  ON  THiS  iJnSVuJLOEMEHT  0?  A 
NiSGAIIVJ!  SPA ’Pi  AI'TD  ITS  COMPARISON  TO 
LIGHTNING 

-  USSR  - 


/Following  is  a  translation  of  an  article  by 
I.  3.  Stekcl'nikov  and  A.  V.  Shkilev  in  the 
Ru3 a ian-language  periodical  Oqklady  Akadeni i 
Nauk  3S3R  (Reports  of  the  Aoaidemy  of  3 clone os 
OSSffTi  Tol  C7i.LV,  No  4,  Moscow,  1962,  pages 
782-785^ 


The  authors  have  investigated  the  development  of 
a  spark  produced  by  pulse  voltage  in  gaps  -rod+plate 
(— r+p)  and  -rod+rod  on  plate  (-r+r/p)  by  moans  of  an 
electron-optical  converter  (SOP)  with  light  amplifica¬ 
tion.  (1).  A  rounded  rod,  20mm  in  diameter,  was  used  as 
tire  negative  electrode.  In  the  case  of  -r+r/p,  a  rounded 
rod,  lOrara  in  diameter  with  a  height  of  from  2,5  to  50cm, 
wn.3  installed  on  the  plate.  In  the  case  of  -r+p  the 
length  of  the  discharge  gap  was  varied  from  100  to  300cm 
and  for  -r+r/p  3Q=270  to  300cm.  Tho  voltage  wave  had  the 


ala  ape  of  1.5x1,000  micros  ec  with  an  amplitude  TJ  close  to 
the"  minimum  discharge  voltage  (k=U/UminW  1.0).  The 

electron-optical  convertor  was  U3ed  with  the  following 
objectives*  1)  quartz  (D=3«5),  2)  "Jupiter-3"  (D=l. 5) 
and  3)  "Jupiter-12"  (0=2.8).  The  SOP  shutter  was  oper¬ 
ated  on  the  "open-closed"  principle  which  made  it  possi¬ 
ble  to  obtain,  on  the  photograph  film,  a  static  picture 
of*  the  discharge  processes  developed  at  the  start  of  the 
time  .scan.  Tho  synchronisation  of  the  POP  and  the  os¬ 
cilloscope  recording  was  ensured  by  connecting  their  time 
plates  to  one  source  of  scanning  voltage.  Tbs  current 
was  registered  by  means  of  a  shunt  connected  to  the  meas¬ 


uring  plate  3x3*a  •  The  latter  was  installed  .at  a  height 
|  o t  15cm  from  the  8x8a2 grounded  plate.  In  order  _ | 
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[To  analyse  in  detail  the  time  picture  of  the  apart  devel^"| 
opment  obtained  by  ff.a ans  of  the  20?,  the  discharge  pro¬ 
cesses?  ware  photographed  - hial  tenuously  by  a  stationary 
camera  with  a  quarts  objective  (D*4.5)  for  which  a  known 
voltage  "cutoff"  method  from  S  was  used  by  means  of  an- 
other  gap  3.,  <  S0* 

P.asults  of  the  experiments.  The  examples  of  the 
records  obtained  in  gaps  -r+p  and  -r+r/p  are  corresponding¬ 
ly  shown  in  Figures  1  and  2  £See  SoteJ  •  1>he  oonnection 
of  time  scanning  in  Figure  IB  occurrea  at  instant  t  after 
the  front  of  the  voltage  wave,  Therefore,  there  is  xirst 
seen  a  stable  picture  of  discharge  processes  (channels  ab, 
ac^  and  others)  developed  up  to  t0.  It  is  of  interest  i 

to  note  the  atop  character  of  the  propagation  of  the  chan¬ 
nels  into  the  gap  with  an  average  effective  velocity 
equal  to  1.1x10*  cjVsec,  The  process  has  a  complex  struc¬ 
ture:  at  the  lower  ends  of  the  channels  are  observed 
bright  flashes  (possibly  the  ateme  of  the  pulse  corona) 
from  the  bottom  of  which  go  off  luminous  channels  in.  the 
form  of  "branches"  of  the  pulse  corona,  and  at  the  top  of 
which  there  is  a  widening  diffused  glow.  The  brightness 
of  the  glow  becomes  weaker  in  the  direction  of  the  rod 
electrode.  It  ends  on  the  tip  of  the  common  leader  . 

(line  e^-e)  which  develops  with  a  velocity  of  4.2xlObcm/ 

see.  After  t-,  branches  from  the  bright  flashes  begin  to 

touch  the  plate.  The  value  of  the  current  doe 3  not  change 
essentially  at  this  time  (see  Figure  10).  At  the  sane 
time  bright  flashes  continue  to  propagate  towards  the 

plate  up  to  to  when  there  is  formed  a  brighter  branch  and 
Increase  an  * 

eh  •  brightness  of  the  previously  ionised  channel  occurs, 
fhere  is  a  slight  increase  in  the  current  at  th'J.s  time, 
leader  (kg)  from  the  plate  begins*  to  grow  only  after  it 
is  touched  by  the  stepped  leader  (tO*  Its  initial 
velocity  is  2x10 ' cm/see.  A  " bundle ^of  threads"  (2) 
starts  on  the  tip  of  the  leader  and  ends  on  the  tip  of 
the  negative  leader,  ./ith  the  appearance  of  the  positive 
loader  the  current  rises  rapidly,  .i'ith  the  appearance  of 
leader  (kg)  the  velocities  of  both  leaders  become  approxi¬ 
mately  equal  and  begin  to  grow  rapidly.  The  closing  of 
the  shutter  of  BOP  occurred  at  instant  prior  to  in¬ 
stant  t-  of  the  voltage  outoff, 

(^iotej:  In  time  scans  the  angle  >  90°  between 
the  direction  of  the  scan  and  the  axis  of  the  gap  is  de¬ 
pendent  upon  the  characteristics  of  the  given  20P. 
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figure  1  -  Optical,  picture  of  the  discharge  in  gap  inter¬ 
val  -r+p  for  30=2.7ni  and  k*U/Umia  ^  1»0. 

A-ltatio  photograph  (quartz,  0*4. 5)?  3-Tiae  scan  (30?  with 
objective  "Jupiter-12%  DM,  5)»  0 -Current  oaoillograa  vl), 
timing  trace  ,2)  and  voltage  pulse  (3)  for  shutting  off 
SO  P. 

Legend:  l-^egacyoles;  2  -  on/  sec;  3  -  Channel 
^mioroaao 
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Figure  2.  The  same  as  Figure  1  except  in  gap  -r+r/p 
for  3q«2.  9m  and  h*10oa. 

Legend:  l-oegaoyoleej  2  -  oe/seoi  3  -  eiaroeee 

i-  J 
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It  may  be  concluded  from  Figure  13  that  when  vol-  I 
tage  is  applied  to  the  gap  tMn  ohannels  (abi'c,  ac^c, 

adf)  propagate  in  steps  in  several  directions  from  the 
rod  eleotrode  after  the  pulse  corona  (rod  zone  mat)  to  the 
plate,  ,Ve  aftall  oall  this  prooess  the  stepped  leader  of 
the  sparlc  fsee  Not{)  •  The  bright  flashes  at  its  ends 
we  shall  call  steps  and  the  channels  going  off  downward 
from  them  we  shall  oall  branohes  of  the  pulse  oorona. 

(Not el:  The  conoept  of  the  jerky  or  stepped  move* 
ment  of  the  leader  has  been  noted  by  several  writers 
studying  the  spark  by  other  methods  (3»4). 


» 
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Figure  3,  The  arrangement  for  spark  development  in  gap 
-r+p.  1-Pulse  corona}  2-Stepped  leader;  2a-pulse  corona 
branch;  2b-atep?  3,4-negative  and  positive  leaders; 
5-thread-like  glow;  6-main  channel;  In  the  rectangle  is 
shown  the  arrangement  of  the  development  processes  for  the 
oourse  of  elongation  of  the  stepped  leader  (aeb  is  the 
static  picture  prior  to  scanning,  *2^1°  is  "the  scan). 

The  spark  development  in  gap  -r+r/p  is  shown  in 
Figure  2.  At  first  the  spark  develops  in  a  manner  simi¬ 
lar  to  the  case  -r+p,  i.e.,  stepped  leader  (be)  propagates 
towards  the  plate.  When  it  approaches  within  a  certain 
distance  of  the  rod  installed  on  the  plate,  from  the  rod 
at  instant  t^  begin  to  develop  branches  (kd)  typical  of 

bnanchee  of  the  positive  pulse  oorona  with  an  average 
velocity  TxlO'oav^eo.  The  ourrent  thereby  does 
not  essentially  ohaage.  As  these  branches  approaoh  the 
stepped  leader  their  velocity  increases.  Afterglows 


are 

•aMM*! 
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feomp&rativoiy  small  in  tha  region  passed  by  the  tips  of 
the  branches  and  they  are  act  always  fixed.  In  the  re¬ 
gion  passed  by  stopped  haadors  the  brightness  o*  the 
branches  increases  considerably.  Only  after  tno  merging 
ox'  the  positive  pulse  corona  branches  (tr,)  with  the 
stopped  leader  is  there  observed  a  bright  glow  along  the 
entire  gap,  leader  0=1«)  begins  to  develop  front  tho 

grounded  rod  and  the  currant  increases  sharply* 

In  a  number  of  cases  irr  the  channel  of  the  stepped 
leader  there  were  observed  disconnected  leacUr-like  chan¬ 
nels  the  tips  of  whloh  develop  in  both  directions  with  a 
velocity  close  to  that  of  the  leader  at  the  electrode* 

Figures  three  and  four  show  arrangements  of  spark 
development  in  the  gaps  -r+p  and  -r+r/p.  The  lugafive 
pulse-  corona  forms  a  cona  of  excels  charge.  *.t  £L , . 

ui.  1*2.1 

the  zoos  radius  io«3  not  exceed  1/3  S„»  At  the  a  one 

o 

boundaries  of  negative  space  charge  there  are  created  con¬ 
ditions  for  its  penetration  in  one  or  several  directions, 
towards  the  plate  in  the  form  of  stepped  leaders,  fhe  of- 
f active  velocity  of  propagation  of  stopped  leaders  lies 
within  limits  of  ( 0. 8-2) xlO? 03B*/ssc .  Id  the  course  of 
elongation  of  tha  stepped  leader  there  take  place  three 
processes  (see  insert  in  figure  3) :  1)  a  branch  of  the 

pulse  corona  in  the  form  of  one  or  several  thin  channels 
25-50om  long  grows  towards  the  plat?  with  a  velocity  of 
(1-3)x10°cx!/3QC3  2)  the  tip  of  the  step  (full  length  of 
atop  equal  to  5 -15 cm) also  propagates  towards  the  plate 
with  a  velocity  in  the  order  cf  5xl0‘cw/seo;  3)  the  glow 
which  is  brighter  in  its  lower  portions  propagates  with 
a  velocity  of  iCrca/aac  upward  along  the  previously 
formed  channel  of  the  stepped  leader.  During  the  time 
of  the  step  development  this  process  may  be  repeated 
several  times  but  always  from  the  propagating  tip  of  the 
seep.  Ba tween  the  3tep  of  the  leader  there  occur  pauses 
in  the  order  of  one  microsecond.  Bach  succeeding  step 
usually  starts  at  tha  end  of  4he  previous  step.  Simul¬ 
taneously  with  the  propagation  of  the  stepped  leader 
towards  the  plate  there  develops  from  the  rod  a  common 
leader  with  a  velocity  of  (l-5)xl0®ojn/seo.  Stepped 
leaders  create  ionization  of  the  air  and  carry  into  the 
gap  a  negative  charge  which  changes  the  initial  gradient 
distribution  along  the  gap  increasing  them  to  the  criti¬ 
cal  values  near  grounded  objects.  This,  in  the  case  of 
-r+r/p  leads  to  the  development  cf  a  counter  process  from 
the  grounded  rod  of  height  h  in  the  form  of  branches  of 
(  positive  pulaa  corona.  Tha  average  velocity  of^hoir  J 
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is  5x10 f  chi/ssc.  The  process  originates  at  a  cer¬ 
tain  critical  height  3  of  the  ;?tspp-.d  1  rvi 5r.  ..n  the 

branches  approach  the  5 tapped  leader  win  velocity  of  the 
tips  of  the  Branches  riso3.  At  the  moment  of  their 
merging  with  the  stopped  leader  the  glow  flashes  along 
the  entire  gap  and  the  positive  loader  begins  to  develop 
front  tne  rod*  S  depends*  to  a  groat  extent,  on  the  h 

of  the  rod  and  its  displacement  with  respect  to  the  axis 
of  the  gap.  3cr  decreases  with  the  decrease  in  h.  At 

the  li-.it,  in  the  case  of  a  smooth  surface  fh-Q),  the 
stopped  loader  reaches  the  plate  and  from  the  point  of 
contact  along  its  channel  there  develops  a  counter  posi- 

tive  o onion  leader  with  an  initial  velocity  of 10 
cw/see.  .vith  tne  appearance  of  a  positive  leader  for 
-r-rp  as  well  as  for  gap  -r+r/o  the  velocities  of  both 
leaders  oceo.me  approxima  eely  the  sane  and  increase 
rapidly.  Jumps  may  occur  in  the  development  cf  the 
loaders  and  their  junction  is  made  by  a  final  jump  (5). 
The  latter  leads  to  the  main  channel  and  to  the  comple¬ 
tion  of  the  breakdown. 


@ 
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figure  4. 


Spark  iavolopment  in  gap  -r+r/p. 

7-3ranc nes  of  positive  pulas  corona,  lie- 
aaining  designations  are  the  same  as  in 

figure  3* 
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Discussion  of  the  Results 


1*  The  analysis  of  the  data  makes  it  possible  to 
explain  Qualitatively  the  higher  values  of  discharge  vol¬ 
tage  (tfa>  in  the  gap  -r+p  as  compared,  to  for  the  gap 

-r+3.’/p.  Actually,  the  introduction  into  the  gap  of  a 
negative  discharge  by  the  pulse  corona  and  the  stepped 
leader  reduces  the  potential  gradients  near  the  high 
voltage  electrode  and  makes  it  more  difficult  to  devel¬ 
op  a  Leader  from  it.  To  continue  the  spark  development 
it  :ls  necessary  either  to  raise  the  voltage  across  the 
gap  or  to  decrease  the  negative  space  charge,  This  lat¬ 
ter  function  is  accomplished  by  the  positive  leader. 

The  positive  leader  originates  in  gap  -r+p  only  after  the 
stepped  leader  touches  the  plate  after  parsing  the  entire 
distance  SQ.  In  the  oasts  of  -r+r/p  the  positive  leader 

originates  after  the  stepped  leader  passes  only  part  of 
the  gap  (S0-Scr).  This  explains  the  lower  discharge 

voltage. 


2.  The  development  of  the  negative  spark  is  often 
compared  to  the  mechanism  of  the  formation  of  lightning 
which,  in  the  vast  majority  of  cases,  also  ha3  a  nega¬ 
tive  polarity.  If,  following  along  this  line  of  reason¬ 
ing,  a  comparison  is  made  of  the  arrangement  in  Figure  3 
with  a  known  arrangement  (6)  based  on  photographic  scan¬ 
ning  of  lightning  made  by  Boys  cameras  or  with  its  more 
recent  theoretical  varieties  (7,8),  it  becomes  clear 
that  they  are  far  from  being  the  same.  Thus,  while  in 
the  case  of  a  spark  after  tha  stepped  leader  touches  the 
plate,  as  was  noted,  there  does  not  ocour  immediately 
a  formation  of  tho  main  channel  and  a  breakdown,  in  the 
case  of  lightning  striking  a  plate  there  is  assumed  a 
development  of  the  main  channel  immediately  upon  the  ar¬ 
rival  to  the  earth’ s  surface  of  the  stepped  leader,  the 
charnel  of  which  is  considered  highly  conductive.  The 
further  development  of  tha  process  of  the  stepped  leader 
elongation  of  the  3park  does  not  correspond  to  the  de¬ 
scribed  mechanism  of  the  3tep  leader  of  lightning.  Our 
photographs  made  by  apparatus  with  high  optical  sensi¬ 
tivity  have  not  discovered  a  "pilot-leader"  in  the  man¬ 
ner  postulated-,  by  Schonland  (9,10).  Turning  to  the  his¬ 
tory  of  this  question,  we  3hall  note  that  in  1938  Alll- 
bone  (11)  made  static  photographs  which  showed  clusters 
and  diffused  glows  at  tha  ends  of  the  split-off  leaders 
.and  thsir  branohes.  Aside  from  that,  Liohtenoerg  fig- 
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j  ures  wore  obtained  -rcm  bne  electrodes  whan  voltage  was  { 
cut  off  across  the  d iso/iur cc  gaps.  In  ?_9'i -‘i,  All ib one 
(12),  referri;:,;;  fc  tins  lata,  ccariurtod  that  the  glows 
represent  the  "pilot-leader"  in  ligntning*  This  conice— 


turs  was  supported  by  dchoniand  (10). 

Recently,  Haganhood,  in  a  i is eu 3 3 ion  of  (7),  ex¬ 
pressed  the  opinion  that  a  glow  which  he  has  photo¬ 
graphed  in  a  gap  r-r  for  3  »500oa  must  be  assumed  v;o  bo 

a  "pilot-loader".  In  view  of  our  data  the  . To ovo -men¬ 
tioned  glows  represent  stepped  loaders  and  "bundles  of 
threads"  from  the  tip  of  the  developing  positive  leader 
(2).  finally,  Liao  and  .Indore on  (13)  confirm  that  or*  • 
breakdown  of  gap  r-p  (3  jfg  lex.)  placed  in  oil,  "there  is 


seen  an  "  equivalent  pilot  streamer"  which  develops 
downward  from  the  end  of  the  "initial  streamer"  to¬ 
wards  the  grounded  plate  by  a  method  very  s:uil.«*  to 
that  postulatsd  for  lightning,  ‘•owovor,  the  quality  of 
the  photographs  and  the  velocity  of  their  time  scan 
does  not  .provide  the  proper  trees  for  such  a  conclusion. 


There  is  also  an  essential  difference  in  the  pro¬ 
cess  of  spark  development  in  gap  -r+r/p  (Pigute  4)  from 
proposed  processes  of  lightning  striking  .metallic  poles 
(li  p; tning  rods).  This  case  naa  important  s ijuif icancs 
in  the  calculations  of  overvoltages  which  originate 
when  elootric  transmission  lines  are  struck  by  light¬ 
ning. 


from  tna  data  obtained  it  may  bo  assumed  that 
the  process  of  lightning  development  based  on  photo¬ 
graphs  made  by  3oys  cameras  requires  further  clarifica¬ 
tion. 
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